
Jay Messer
Senior Science Advisor

National Center for Environmental Assessment
May 18, 2004

Challenges of Using 
Environmental Indicators 

for Performance 
Measurement 



Performance Measurement
“ My goals for the Agency are to make our air 

cleaner, our water purer and our land 
better protected. These are the results 
that we are working hard to achieve.  Our 
progress towards these goals will be the 
measure of our success. To know 
whether we are making progress toward 
these goals, we need high quality 
information about the state of the 
environment. –

Christine Todd Whitman, November, 2001



Government Performance and 
Results Act (GPRA) 

Sec. 1115. Performance plans
• "(a) In carrying out the provisions of section 1105(a)(29), the Director of the 

Office of Management and Budget shall require each agency to prepare an 
annual performance plan covering each program activity set forth in the budget 
of such agency. Such plan shall-

• "(1) establish performance goals to define the level of performance to be 
achieved by a program activity; 

• "(2) express such goals in an objective, quantifiable, and measurable form 
unless authorized to be in an alternative form under subsection (b); 

• "(3) briefly describe the operational processes, skills and technology, and the 
human, capital, information, or other resources required to meet the 
performance goals; 

• "(4) establish performance indicators to be used in measuring or assessing the 
relevant outputs, service levels, and outcomes of each program activity; 

• "(5) provide a basis for comparing actual program results with the established 
performance goals; and 

• "(6) describe the means to be used to verify and validate measured values. 



Government Performance and 
Results Act (GPRA) 

• Establish performance goals to define the level of 
performance to be achieved by a program activity

• Express goals in an objective, quantifiable, and 
measurable form

• Describe the processes, skills and technology, and the 
resources required to meet the goals 

• Establish performance indicators to be used in 
measuring or assessing the relevant outputs, service 
levels, and outcomes of each program activity

• Provide a basis for comparing actual program results
with the established performance goals

• Describe the means used to verify and validate the 
measured values



The Logic Model

Resources

...We use 
resources 
(such as 
people, 
equipment, & 
funds) ...

Activities

...To sustain 
these 
activities 
(such as 
programs or 
tasks) ...

Outputs

... To 
produce 
these outputs 
...

Customers 
Reached

... For these 
customers ...

Short-Term 
Outcomes

... So that they 
change 
(behavior or 
actions) in 
these ways ...

Intermediate 
Outcomes

... Which leads 
to these 
intermediate
outcomes ...

Long-Term 
Outcomes

...and produces 
these 
measureable 
long-term 
outcomes.

Externalities

These are factors outside of the program's control that may influence (help or hinder) the success of the
 program and the accomplishment of its results.

   Outreach 
Communication, tech transfer, and training activities 

are essential to enable clients to apply the
 outputs and achieve the short-term outcomes 

Performance Measurement

Program Design Proceeds from Right to Left

Program Evaluation Proceeds from Left to Right



The Risk Model



Performance indicators



Major challenges to 
performance indicators

• Performance indicators that are 
not credible

• Performance data that are not 
timely

• Absence of performance data



Challenges to the credibility of 
performance indicators

• Cause versus coincidence in 
“outcome” indicators

• Comparable, representative data
• Transparency 
• Reference thresholds
• Appropriate scale for the issue
• Data quality and access



Cause versus coincidence in 
“outcome” indicators

• Most environmental regulations not 
based on technology are based on 
reducing the risk of an adverse 
outcome (level 6)

• Many other factors affect level 6 
outcome indicators

• Statistical detection may be difficult if 
exposed populations are small and we 
lack markers of exposure



Cause versus coincidence 
in “outcome” indicators

• Dublin, Ireland –
an exceptional 
story



Estuarine Conditions in MAIA
Benthic Invertebrate Index of Biotic Integrity (IBI)

Degraded
18 ± 8%

Undegraded
82 ± 8%

Unknown
39%

Low Dissolved 
Oxygen 49%

Contaminants 10%
Both
2%



Comparable, 
representative data

• Many monitoring data are not 
intended to measure performance 
outcomes.
! Compliance with regulations
! Managing health care
! Resource management
! Research





Comparable, representative 
data require:

• Clearly identified target population
• Sample representative of target 

population 
• Data collected with the same 

protocol (or for which there is a 
basis for comparison)

• Trends over time



Probability sampling



Probability sampling provides 
confidence estimates
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Some examples











Comparison of Estuarine Conditions

Degraded 
30 ± 6%

Undegraded
70 ± 6%

Degraded
18 ± 8%

Undegraded
82 ± 8%

Louisianian Province Virginian Province

Metals 42%

Toxicity 4%
Contaminants 28%

Low D.O.

Habitat 14%

Unknown
10% Unknown

39%

Contaminants 10%
Both
2%

Low Dissolved
Oxygen 49%

Estuarine Benthic Invertebrate IBI

Condition

Stressors Associated with Degraded Condition



Fully
Supporting

87%

Not 
Supporting

13%

Traditional Targeted Monitoring

Fully
Supporting

13%

Not 
Supporting

87%

Probability Survey

Fully 
Supporting 

95%

Not
Supporting

5%

Fully
Supporting

75%

Not 
Supporting

25%

State “A”

State “B”

Representative Sampling
Condition of a streams using different designs









Transparency

• The “meaning” of a performance 
indicator and the details of its 
construction must be clearly 
evident to the user

• Important limitations of the 
indicator should be clearly 
identified



More examples















Reference states

• What constitutes good, fair, and 
poor performance?
! Adherence to standards
! Indices and reference sites
! Trends in population distributions



More examples





The dangers of trends in 
extreme values



Multimetric Indices (IBI)
Incorporate several attributes (metrics) reflecting 
‘biological integrity’ into one synthetic multimetric 
score

Taxa
Attributes

Multimetric
Index

Metric

Metric

Metric

Metric

Metric

Metric

Metric

Metric



Reference Sites
• The primary 

function of a 
reference site is to 
serve as a 
measurement 
standard
! undisturbed, natural
! best of available
! representative of 

class
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Multimetric indices vs
gradients 

Stressor Gradient
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Appropriate scale
• Are we measuring performance

! For a family?
! For a community?
! For a State or Region?
! For the Nation?
! For the globe?

• Each target is likely to require an 
indicator with a different time and 
space scale.



Hierarchy and Scale

operations

enforcement

appropriations

statutes

regulations

Nation
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State/
Region
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Data quality and access

• Information Quality Guidelines
• Documentation of QA plans and 

performance
• Public access to data to ensures 

credibility



Challenges to the 
timeliness of indicators

• Trends in “outcomes” often lag 
behind current budget planning 
and execution



The Logic Model

Resources

...We use 
resources 
(such as 
people, 
equipment, & 
funds) ...

Activities

...To sustain 
these 
activities 
(such as 
programs or 
tasks) ...

Outputs

... To 
produce 
these outputs 
...

Customers 
Reached

... For these 
customers ...

Short-Term 
Outcomes

... So that they 
change 
(behavior or 
actions) in 
these ways ...

Intermediate 
Outcomes

... Which leads 
to these 
intermediate
outcomes ...

Long-Term 
Outcomes

...and produces 
these 
measureable 
long-term 
outcomes.

Externalities

These are factors outside of the program's control that may influence (help or hinder) the success of the
 program and the accomplishment of its results.

   Outreach 
Communication, tech transfer, and training activities 

are essential to enable clients to apply the
 outputs and achieve the short-term outcomes 

Performance Measurement

Program Design Proceeds from Right to Left

Program Evaluation Proceeds from Left to Right



Challenges to the 
timeliness of indicators

• Aging data (e.g., National Land 
Cover Dataset)







Challenges to the availability of 
performance data

• Cost – Performance monitoring  
requires resources - organizations 
won’t invest if they don’t see a 
payoff

• Cooperation – Performance 
monitoring requires a joint effort
by State and Federal partners.





Recommendations
• Use multiple indicators across the 

hierarchy to help to close the gap 
between actions and outcomes

• Gaps and limitations are unavoidable –
making them explicit increases 
transparency

• Showing that indicators make a 
difference is the key to investment



Performance Indicators -
Are they worth it?

• Performance indicators enhance 
the public dialog about the state of 
the environment

• Performance indicators focus the 
need for more in-depth analysis of 
program performance.


